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METHOD FOR THE TREATMENT OF COPPER-BEARING MATERIALS 

The present invention relates to a method for the treatment of copper-bearing 
materials, such as copper concentrates, so that the impurities and gangue 
5 minerals in the materials, such as silicates, are in effect removed completely. 

Methods are known from WO patent applications 2005/007905, 2005/007902 
and 2005/007901, in which copper, nickel and precious metals are effectively 
turned into sulphidic intermediate products with high copper content and 
10 sufficient caloric value using concentration and hydrometallurgical methods. 
This occurs in solution according to example reaction (1) 

xCu 2+ + yCuFeS 2 ->zCu x S + yFeS0 4 + (y-z)H 2 S0 4 (1 ), 

15 where the copper in solution is turned into copper sulphide form by conversion 
using iron-containing sulphide material. A conversion reaction occurring with the 
same kind of iron-containing sulphide material is used for example to recover 
nickel and precious materials from solution as well in nickel-copper matte 
leaching. 

20 

By exploiting the known methods described in the above-mentioned WO patent 
applications 2005/007905, 2005/007902 and 2005/007901, the iron content for 
instance of copper concentrate can be effectively reduced. However, some 
problems arise in these methods from time to time, because the copper 
25 concentrate obtained in conversion still contains gangue minerals, such as 
silicates. If this kind of iron-depleted copper concentrate is used for example in 
copper smelting, these silicates require the addition of iron, so that the slag can 
be made sufficiently liquid to get the slag out of the smelter at the desired 
temperature. As a result, the amount of copper smelting slag increases. 

30 

The purpose of the present invention is to eliminate the disadvantages of the 
prior art and to achieve an improved method for the treatment of copper- 
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bearing materials, such as copper concentrates, so that the impurities and 
gangue minerals in the materials, such as silicates, can in effect be removed 
completely. The essential features of the invention will be made apparent in 
the attached claims. 

5 

In the method according to the invention, conditions are applied to the copper- 
bearing material to be treated, such as copper concentrate, in the presence of 
firstly an acid, such as sulphuric acid, hydrochloric acid or an equivalent acid, 
and an oxygen-containing gas such as oxygen, air or oxygen-enriched air, in 

10 which the copper obtained in solution is turned by conversion with a material 
containing iron sulphide into copper sulphide form, using the principle reaction 
(1) presented above. The sulphuric acid - ferrous sulphate solution thus 
generated also contains the impurities of the leached copper-bearing material, 
such as arsenic, antimony, bismuth, uranium, zinc, nickel and cobalt contents. 

15 With the copper sulphide formed by conversion the gangue minerals e.g. 
silicates, can be made to separate according to the invention by flotation and/or 
a method based on differences in specific weight. 

In the flotation of the material containing copper sulphide obtained by 
20 conversion according to the invention, the flotation process is preferably carried 
out so that the copper sulphides and the precious metals with them in the 
copper sulphide containing material are frothed, so that the gangue minerals, 
such as silicates, are made to enter the residue of the flotation process by 
means of depressant chemicals. The flotation process may also be carried out 
25 so that the gangue minerals, such as silicates, are frothed and the copper- 
bearing sulphide material together with the precious metals is recovered in the 
residue of the flotation process by means of depressant chemicals. When 
proceeding in either way, specified electro-chemical potential or electro- 
chemical alternating current spectroscopic methods using mineral electrodes 
30 can be exploited advantageously in the flotation process. The separation of 
gangue minerals is improved and the iron content of the copper sulphide 
product of conversion is reduced beneficially when the conversion temperature 
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is maintained in a range between 170 - 260°C, preferably between 200 - 
220°C. 

If there is a substantial amount of chlorides and/or fluorides in the water used in 
5 the leaching or other treatment of copper-bearing material, not only gangue 
minerals such as silicates, but also halides, such as chlorides and/or fluorides 
for example, can be separated effectively from the usually coarse copper 
sulphide material obtained in conversion, the majority preferably even during 
the water separation of the copper sulphide material obtained in conversion. 
10 This is possible due to the coarseness and thus excellent filterability and low 
residual moisture of the copper sulphide conversion product. The separation of 
the copper sulphide material and the halides can be intensified by performing 
filtration and/or washing of the copper sulphide material in reductive conditions, 
which are achieved using chemicals and/or an electric current. 

15 

The method according to the invention is very practicable for various copper- 
bearing materials and many localised water supply and water quality problems. 
The method according to the invention can be used when treating copper 
scrap, smelter dust and copper-zinc-lead ores in addition to copper-bearing 

20 ores. The last mentioned ores often include minerals containing precious 
metals such as arsenopyrite or pyrite, which can be converted to copper 
sulphide minerals, which contain said precious metals according to the the 
method. Furthermore, the method according to the invention allows the use of 
salt-containing water, e.g. seawater, as process water. These presuppose that 

25 process parameters obtained using known methods as such are exploited when 
regulating the process e.g. by using mineral electrodes and catalysts in process 
optimisation and the use of various leaching stages, such as heap leaching, for 
example to regulate the copper and acid balances in the overall process. In 
this way the object of the invention i.e. the separation of copper sulphide and 

30 gangue minerals can be intensified. 
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There is still some degree of copper and other valuable components in the 
silicate-containing fraction rich in Si0 2 obtained from the separation process 
carried out after conversion preferably by flotation. The copper and other 
valuable components in the Si0 2 -rich fraction can be recovered by leaching the 
5 fraction separately or during a leaching stage related to some other overall 
copper-bearing material process. The Si0 2 -rich fraction can also be returned to 
the flotation of the original copper-bearing ore. In addition a partial separation of 
the coarse sulphides can be performed if necessary on the Si0 2 -rich fraction 
from the post-conversion separation stage, before further treatment. Further, 
10 the gangue mineral product obtained from the post-conversion separation 
stage, the removal of gangue minerals, can be routed by means of mineral 
electrodes to electro-chemically controlled further processing, such as for 
instance leaching or flotation. 

15 When the method of the invention is applied e.g. to slag from a copper smelting 
process, the copper content of the slag is first turned into sulphide form by 
conversion and the gangue mineral content e.g. the silicon dioxide (Si0 2 ) 
content of the slag decreases in the flotation of the sulphide product obtained 
by conversion. When feeding the copper sulphide-containing flotation product 

20 with low S!0 2 content thus obtained back to a smelter that uses sulphidic 
copper raw material, the amount of slag exiting the smelter is in effect reduced 
by this amount. 

Due to the low Si0 2 content, the slag obtained from the smelting of sulphidic 
25 copper-bearing material can be treated in several ways. The slag can 
advantageously be granulated for example and leached separately or together 
with the dust from the smelting of copper-bearing material and the Si0 2 -rich 
fraction obtained in post-conversion flotation with iron-containing sulphide 
according to the invention. In this way the copper and other valuable 
30 components remaining in connection with the Si0 2 fraction are made to 
dissolve at least partially, and thus are available for further processing without 
the copper requiring further slag treatment. The slag obtained from the smelting 
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of copper-bearing material can also be treated pyrometallurgically, preferably 
for example by smelting in an electric furnace. In this way any potential 
deficiency in soluble copper entering copper conversion is filled by leaching 
additional other copper-bearing raw materials to keep the copper conversion 
5 copper balance beneficial. 

When exploiting the copper-bearing material treated with the method according 
to the invention in copper smelting, the Cu/Fe/Si02 ratios of the copper entering 
smelting and of the copper-rich conversion product obtained by conversion are 

10 vitally important with regard to the final smelting result, and these Cu/Fe/Si0 2 
ratios can preferably be adjusted in conversion and in the related gangue 
mineral separation irrespective of essentially different copper-bearing raw 
materials, with mineral electrode measurements, for instance using 
electrochemical potential. The sulphur balance prevailing in the total process 

15 must also be taken into account in mineral electrode measurements, in which 
the sub-components include notably S 2 " ions, elemental sulphur S° and 
sulphate sulphur S0 4 2 ". When using the method of the invention, whereby the 
essentially copper sulphide free phase of the gangue minerals can be fed 
onwards to e.g. copper smelting, and the SiC>2-containing fraction of the 

20 gangue minerals such as silicates can be treated to remove the copper 
remaining in the Si0 2 -containing fraction effectively, the copper yield of the 
overall process can be made extremely high in the final copper-containing 
product such as raw copper, optimally above 99 %. 

25 When the method of the invention is applied to the smelting of copper-bearing 
material, the leaching of the material being processed, the conversion of copper 
into sulphide, and the separation of gangue minerals such as silicates from the 
sulphidic conversion product, can also be carried out completely separately 
from the smelting process, even in geographical terms. That which is 

30 transported in this case between gangue mineral separation and copper 
recovery is usually copper sulphide concentrate containing 65 - 77% copper. 
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The invention is described below in more detail with reference to the appended 
drawings, in which 

Fig 1 presents a flow chart of one preferred embodiment of the invention 
applied to copper smelting, 
5 Fig 2 presents the results of the copper and Si0 2 fraction yield correlation in 
post-conversion flotation, and 

Fig 3 shows the results of the copper and Si0 2 fraction content ratio in post- 
conversion flotation. 

10 According to Figure 1, ore 1 containing copper sulphide and possibly other 
valuable components is routed to flotation 2 to obtain copper sulphide 
concentrate 3 that contains the valuable components. The copper sulphide 
concentrate obtained from flotation is routed onwards to leaching 4. Leaching 4 
is performed in the presence of sulphuric acid 5 and an oxidising reagent, such 

15 as oxygen 6, preferably at a temperature of 220°C, and the copper in the 
copper sulphide concentrate dissolves in leaching 4 into Cu + /Cu ++ ions. After 
leaching 4, the dissolved copper undergoes conversion 7 at a temperature of 
220°C in the presence of material containing iron sulphide 31 according to 
principal reaction (1) in order to obtain copper sulphide product, ferrous 

20 sulphate and sulphuric acid. This solution of sulphuric acid and ferrous sulphate 
also contains the impurities in the leached copper sulphate concentrate, such 
as arsenic, uranium, zinc, nickel and cobalt contents. 

The flow sheet shown in Figure 1 also describes the passage of the flotation 
25 residue 8 obtained from the copper-bearing ore flotation stage 2 to 
hydrometallurgical treatment 9, where leaching in the presence of an oxygen- 
containing reagent 11 is performed on the flotation residue, followed by 
extraction and stripping of the solution obtained with sulphuric acid 1 0. Since 
the ferrous salt-oxygen solution 25 from conversion 7 containing impurities can 
30 advantageously be routed to this hydrometallurgical treatment 9, this treatment 
9 can function as a base for the recovery or removal of impurities in copper- 
bearing raw material, such as arsenic entering the waste 28, and other products 
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30, such as uranium, zinc, lead, nickel and cobalt. Furthermore, the copper 
sulphate solutions 26 and 27 that contain sulphuric acid obtained from the 
leaching and extraction stage of hydrometallurgical treatment 9 can also be fed 
to the leaching stage 4 in addition to the conversion stage 7. 

5 

The copper sulphide product 12 obtained in conversion 7 using copper sulphate 
and sulphuric acid is routed according to the invention to the removal of gangue 
materials, such as silicates, by flotation 13. The copper sulphide product 14 
obtained from flotation 13 is taken to the flash smelter 15 for raw copper 
10 fabrication. The flotation residue 16 obtained from flotation 13, which contains 
gangue materials, such as silicates, is returned to the original flotation 2 of 
copper-bearing ore 1 . 

The raw copper 33 obtained from the flash smelter 1 5 is routed in molten form 
15 to the anode furnace 17 and also on to be cast from molten raw copper as 
anodes suitable for the electrolytic refining 18 of copper. The impure copper 
sulphate solution 19 containing sulphuric acid, obtained from electrolytic 
refining 18, is recirculated back to copper sulphide concentrate leaching 4, 
whereas cathodes are formed from the copper, and are used as raw material 
20 for the further processing of copper. Flash smelter dust 32 can be returned for 
example to hydrometallurgical treatment 9, into which other copper-containing 
raw materials 34 can also be fed if necessary. 

The slag 20 obtained from the flash smelter 15 is routed to an electric furnace 
25 21 and on to slag concentration, from where the copper-rich phase 24 obtained 
is conveyed back to the smelter 15 to be re-smelted. The exhaust gases 22 
from the smelter 15 are routed to the sulphuric acid plant 23, and the sulphuric 
acid from there can be used in copper concentrate leaching 4. 



30 
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EXAMPLE 

To test the method of the invention, the four separate tests mentioned in Tables 
1 and 2 were carried out first, where conversion was performed on materials 
containing copper-containing copper minerals, such as chalcopyrite (CuFeS2), 
5 bornite (CusFeS^ and digenite (Cu2- x S), and gangue minerals such as silicates 
and iron oxides, in the presence of iron-containing sulphide, such as e.g. pyrite 
(FeS 2 ) or arsenopyrite (FeAsS). The total Si0 2 content of the gangue minerals 
in the materials processed was 5.2 % by weight. 

10 In tests 1-3, the copper solution was brought to conversion directly from 
copper-bearing material leaching and partially concentrated by means of liquid- 
liquid extraction of copper after heap leaching. In test 4, a combined leaching 
and conversion test was carried out, in which the first interval from 0-30 min 
was the leaching stage and the 30 - 60 min interval was the conversion stage. 

15 The process stages were monitored and regulated using mineral and platinum 
electrodes and, for instance, the energy levels of the electrodes in the 
conversion stage were kept between +300 - +370 mV vs. AgCI/Ag. 
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20 Table 1 : Fe content as a function of time 
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Table 2: Cu content as a function of time 

According to Tables 1 and 2 the conversion temperature in tests 1-3 was 
160°C, 190°C and 220°C respectively, whereas in test 4 both the leaching 
5 temperature and the conversion temperature was 220°C. Table 1 shows the 
change of iron content in the solids during conversion as a function of time and 
Table 2 shows the copper content of the solution as a function of time. In tests 
1 - 3 the Si0 2 content of the solids remained almost constant, whereas in test 4 
the final Si0 2 content almost doubled. 

10 

The method according to the invention was applied to the final residue from test 
3, which was floated to recover the copper sulphide and precious metal 
contents still in the final sediment. The results of flotation are given in Figures 2 
and 3. Figure 2 shows the yield dependency of the copper and SiC>2 fractions 

15 and Figure 3 shows the content ratio of the copper and Si0 2 fractions. The 
terms used in Figs. 2 and 3 mean the following: RC rough concentrate, SC 
scavenger concentrate, CC1 concentrate from the first cycle and CC2 
concentrate from the second cycle. Flotation was performed so that the 
material was first pre-frothed, then scavenging was performed on the rough 

20 concentrate. In this way repeat flotation was performed on the resulting 
concentrate in two stages. 

In Figure 2 the yield dependency of the copper and Si0 2 fractions is described 
in a graph, where the x-axis shows the copper yield (wt.%) and the y-axis the 

25 yield of Si0 2 (wt.%). In Figure 2 the starting point (feed) is that the yield from 
each fraction is 100 wt.%. The graph shows that after rough concentration and 
scavenger concentration the Si0 2 yield has fallen to about 40% of the starting 
point, whereas the copper yield is about 95 % of the starting point. After two 
repeat concentration cycles (CC2) there is only about 10% of the original yield 

30 of Si0 2 , which means that about 90% of the Si0 2 content has been removed. 
On the other hand, there is still about 63% of the original copper content. 
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In Figure 3 the content dependency of the copper and Si0 2 fractions is depicted 
in a graph, where the x-axis shows the copper content (wt.%) and the y-axis the 
Si0 2 content (wt.%). At the starting point of flotation (feed) the Si0 2 content is 
5.2 wt.% and the copper content about 61 .7 wt.%. After the two repeat flotation 
5 stages the Si0 2 content has fallen to a value of 1.0 wt.%, whereas the copper 
content has risen to a value of 67.5 wt.% 
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PATENT CLAIMS 

1 . A method for treating copper-bearing material, in which the copper-bearing 
material is leached (4) and conversion (7) is performed on the leaching product 
5 in the presence of material containing iron sulphide (31) in order to obtain 
copper sulphide (12), characterised in that gangue mineral separation (13) is 
carried out on the copper sulphide (12) attained in conversion before the further 
processing of said copper sulphide (12). 

10 2. A method according to claim 1, characterised in that the separation of 
gangue minerals (13) is carried out by flotation. 

3. A method according to claim 2, characterised in that the valuable 
components of the copper sulphide are floated apart from the gangue minerals 

15 during gangue mineral separation (13). 

4. A method according to claim 2, characterised in that the gangue minerals 
are floated apart from the valuable components of the copper sulphide during 
gangue mineral separation (13). 

20 

5. A method according to claim 1 , characterised in that separation of gangue 
minerals (13) is performed on the basis of the difference in specific weight. 

6. A method according to any of the preceding claims, characterised in that, in 
25 order to improve the separation of gangue minerals (13), the copper sulphide 

conversion (7) preceding gangue mineral removal takes place at a temperature 
range of 170-260°C. 

7. A method according to claim 6, characterised in that, in order to improve 
30 the separation of gangue minerals (13), the copper sulphide conversion (7) 

preceding gangue mineral removal takes place preferably at a temperature 
range of 200 - 220°C. 
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8. A method according to any of the preceding claims, characterised in that 
the gangue mineral product (16) obtained from gangue mineral separation (13) 
is routed to the leaching (4) that precedes conversion (7). 

5 

9. A method according to any of the preceding claims 1 - 7, characterised in 
that the gangue mineral product (16) obtained from gangue mineral separation 
(13) is routed to the concentration (2) of copper-bearing ore that precedes 
conversion. 

10 

10. A method according to any of the preceding claims 1-7, characterised in 
that the gangue mineral product (16) obtained from gangue mineral separation 
(13) is routed to further processing controlled electrochemically by means of 
mineral electrodes, such as e.g. leaching or flotation. 

15 

11. A method according to any of the preceding claims, characterised in that 
the copper sulphide product (14) obtained from gangue mineral separation (13) 
is routed to a smelter (15) for the fabrication of raw copper. 

20 12. A method according to any of the preceding claims, characterised in that 
electrochemical potential measurement with mineral electrodes is exploited in 
the separation of gangue minerals (13). 

13. A method according to any of the preceding claims, characterised in that 
25 an alternating current spectroscopic method is exploited in the separation of 

gangue minerals (13). 

14. A method according to any of the preceding claims, characterised in that 
the separation of halides, such as chloride and/or fluoride, is performed in 

30 connection with the separation of water from the copper sulphide material (12) 
obtained in conversion (7). 
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